
Report CF~599g ss

Matanurgioa! Project CUSSIFIGATiON GANCfUED
An Ho Compton^ Project Director For Atomic energy Commission

BY
* * * Technical Information Service

AECO NUMBER W**
FIHAL REPORT ON TRR

THE SCATTERING CROSS SECTION OF HYDROGEN AND THE GROSS
SECTION OF CARBON FOR NEUTRONS OF ENERGIES 0„5g TO 6,0 MEV,

* * *

Minnesota Group

John Hr Williamst Official Investigator 
April 1943

*. ♦ *

Abstract

Neutrons obtained from the Li (pen)s C (dcn) and D (dyn) reactions 
nere scattered by cyclohexane^ CgH^go and by carbon under conditions 
of good geometry^ The value of ^ obtained is in good agreement 
with theory* The value of *1 shows an interesting resonance 
phenomenon^
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Following the technique outlined in our previous reports 

we have scattered neutrons of a wide ranfce of energies from various 
sizes and thicknesses of cyclohexane, C H , and carbon in the form 
of graphite. 12

as sources of neqtrons we have used a thin, {/•-'40 kv), Li 
target with bombarding protons of discrete energies from 2.10 to 2.68 
Mev to obtain neutrons of energies 0.35 to .97 Mev. Deuteron bombard­
ment of a thick carbon target1 checked the results for neutrons of 
energy ^.0 * -1 Mev and bombardment of a thin carbon target provided 
neutrons of energies 1.6 and 2.0 Mev. a differential technique1 with 
thick heavy ice tar6et s under deuteron bombardment served as neutron 
sources of energies 2.0 to 6.0 Mev. In this manner we have overlapped 
the various sources at 1.0 and 2.0 Mev and gained confidence in the 
energy value ascribed to the neutrons studied. ^

The neutrons from these sources were detected by counting 
the individual recoil protons in ionization chambers of various designs. 
For the energy region up to 1.0 Mev the recoils were obtained from 
methane at 60 lbs./in. in a 2.5 cm. diameter chamber 1.0 cm. deep, 
by a suitable choice of bias, it was found possible to exclude the 
detection of neutrons of energy 100 kev less than the energy under 
investigation. Since we are not sure that neutrons of energy less 
than 250 kev might not be present in the Li (p,n) spectrum2 at higher 
bombarding proton energies even though the Li target is only 40 iv 
thick, this technique excludeu them from contributing to our measure­
ments.

The D, G and the D, D neutrons were detected by counting re­
coil protons from a thin paraffin radiator inside the front of an argon 
filled icnization chamber. Biases were selected to favor the neutron 
energy studied.

In all cases tne observed transmissions were corrected for 
scattering of neutrons into the netector by the sc. tterer by assuming 
that the scattering was spherically symmetrical in a center of mass 
system of coordinates. The measurements of Kikuchi, et al,3 make this 
assumption reasonable for the case of neutrons of energy approximately 
2-5 Mev scattered by carbon, '''he results of narschall and Kaimer4 
indicate that the assumption is also true for hydrogen. In all cases, 
the geometry is "good" ana the corrections to the obaerveu transmissinon 
are small. The actual geometry employed is shown in Table I where L 
in cm. is the distance between source and uetector and I./2 is the distance . 
from source .to scatterer. The diameter of the scatterer and uetector 
employed is also shown as S in cm. and D in cm. respectively. The trans­
mission corrected for single spherically symmetrical scattering neads 
directly to a determination of the cross section. The thickness of the 
scatterer, X, was chosen to obtain a reasonable transmission and to 
exclude the necessity of corrections for muntiple scattering
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The results of these measurements are listed in Table I sna 
shownin Figures 1 ana 2. lhe xast coluir.n cf Table I 
lists the values of ^ given by Bohm ana hichman5. ^heir caicviiation 
assumea a potential fimction maae up of a narrow deep square *,ell ana 
a wiae shallow s^iaare tail of aimensions necessary to fit the value 
of the quadraj^oie moment of the aeutercn ana tc ^ive the ^roper values 
of 1 S scattering. The comparison betveen the experimental resuits and 
this theory is made in Fifeure 1 by the full line. The scattering cross- 
sebtion calcinated by Bohm and hichman on the basis of a simple square Yell 
is shown by the dotted curve in Figure 1.

An examin aticn of these curves xeads to the conclusion that 
the more complex shepS’ for the potential funption is to be preferred, 
'he accuracy of the measurements is not sufficiently great to allow 
s%gestions for further mcaificatj oti of the choice cf well shap e. It 
is, however, interesting to note that the i.easurements ^resent expeii - 
mental evidence that the over simplified square is not acceptable

„a comparison between the ±resent resuits and those of former 
workers6’ is only possible in the range from 2.4 to 2.9 Mev. The 
agreement is well within the statistical errors given by these authors.

Figure 2 shows the manner in which the total c^ss-section of 
carbon varies with neutron energy, a. doublet state of C is seen to 
exist, the energy levels lying at 8.53 and 9.21 ^ev above the ground 
state. The widths of these levels must be much less than that indi­
cated in the figure because the aifferential thick target technique 
provides neutrons of from 100 to 300 A.ev total energy spread ip. the 
energy region between 3.0 and 5.0 Mev. ^ther investigators'6’' 

values of ^ for neutrons of energies 2.4 to 2.9 Mev are several *.er 
cent larger than ours. It is difficmt to understand this minor ais- 
cgreement except on the assumtion cf heavy impurities in the carbon 
scatterers employed by these workers.
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